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The dynamo tested is a 1.5 K.W. machine generating 115 
volts at a speed of 1850 R.P.M. and is short shunt compound wound. 
It is constructed so as to require little care, having self oiling 
ring bearings and brushes that do not require shifting with in- 
crease of load. The terminal block on the side of the machine 
is arranged so simply that no mistake could be made in making 
the connections. 
External Characteristic. 
The curve following shows the external characteristic of 
dynamo. In obtaining the data for this curve the dynamo 
was run at constant speed. The rheostat in the chant field was 
adjusted so that a voltmeter placed across the terminals reads 
110 volts when the dynamo is running without load. The position 
of the rheostat arm is not changed daring the test. 
A variable resistance and an ammeter are placed in the 
external circuit. The resistance is decreased, thus increasing 
the load until the limit of the machine is reached. Readings 
are taken simultaneously of line amperes and terminal volts for 
a number of intermediate points. This data is plotted with 
terminal volts as ordinates and line amperes as abscissas. 
The object of compounding a dynamo is to maintain a con- 
stant voltage at some point on the circuit. The voltage of a 
shunt dynamo gradually falls as the load increases, therefore in 
order to maintain a constant potential regulation of the rheostat 
would be necessary. By compounding the regulation is automatic 
and no adjustment of the rheostat is necessary. 
The series:field turns in the compound dynamo may be of 
such number as to compensate for the machine losses only, maintain- 
ing a constant voltage at the terminals of the dynamo, and in 
addition turns may be added so as to compensate for drop in speed 
of the dynamo and for line losses. Then made to compensate for 
drop in speed or. for line losses the dynamo is said to be over - 
compounded. 
The carve shows that the dynamo is over -compounded, the 
voltage rising from 110 at no load to 128.5 at full load showing 
an over 
-compounding of 16.8? The speed characteristic of the 
gasoline engine is such that when the generator is run by the 
engine a nearly constant voltage will be maintained at the 
terminals. 
Magnetization Characteristic. 
The data for this curve was obtained by connecting the shunt 
field through an ammeter and rheostats to a source of current. The 
dynamo is run at constant.normal speed. k voltmeter is placed 
across the terminals of the dynamo. Readings are taken of field 
current and terminal volts as the former is varied from zero to 
maximum value. The results are plotted with volts as ordinates and 
field current as abscissas. As the field current is proportional 
to the field ampere turns and the voltage is proportional to the flux, 
the result is a magnetization curve. 
The voltage regulation of a generator depends upon the sat- 
uration of the various parts of the magnetic circuit. The curve 
rises for some distance as a nearly straight line, then gradually 
turns and tends to become par-allel to the X axis. That portion 
where the bend occurs is called the knee of the curve. Generators 
are usually designed to operate at a point just below the knee of the 
Curve. Mon so designed a certain amount of increase in excitation 
produces a known rise in voltage, but owing to saturation of the mag- 
netic circuit it is impossible to raise the voltage far above normal. 
As load is placed on a generator, owing to armature reaction 
and copper drop, the voltage would tend to drop as load is applied 
if the magnetization were not increased. Tf the generator at no load 
is worked too near the knee of the curve a large increase in exciting 
current will be required to maintain the voltage constant under load. 
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On the other hand, cost of material and the desire for light 
ompact machines, makes it necessary to use as great flux density as 
Ls consistent with good regulation. 
Machines, therefore, el:cept in special cases should be worked 
at a point just below the knee of the carve. 
The curve is useful in determining the regulation and may 
show any faults in design, construction, or material. As the curve 
from this test is of the usual shape for machines of this size, the 
machine will give good voltage regulation and will not have excessive 
iron losses. 
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Efficiency. 
In determining the efficiency of the dynamo, the calibrated 
motor method was used. By means of a prony brake the motor was cal- 
ibrated at the speed required. A curve is plotted with motor effi- 
ciency as ordinates and motor input as abscissas. 
The motor is then belted to the dynamo and the dynamo connect- 
ed to a bank of lamps for load. Instruments are placed so as to 
measure the motor power input and the generator power output. 
Reference to the calibration curve of the motor makes it 
possible to determine the generator input. The commercial efficiency 
of a generator is equal to the power output divided by the power in- 
put. The curve is plotted with percent efficiency as ordinates and 
generator output as abscissas. 
The curve shows a maximum efficiency at fall load of 71%, at 
one fourth load the efficiency is 40T), at one half load it is 62, 
and at three fourths load it is 6970. Above full load the efficiency 
is less than at full load, being 69,, for 50% overload. 
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Temperature Rise. 
Temperatures of the different parts of the generator were 
;aken at the end of a ten hour run at full load and were found to 
;ome well within the allowable limit. The temperatures at the end 
)f a ten hour run were: 
Armature 46°C 
Commutator 500C 
Field 7inding 44°C 
Bearings 47.500 
Yoke 38°C 
Room 30°C 
The engine is a vertical two horse 
-power, four cycle throttle 
governing engine. The cylinder is placed above an air tight chamber 
in the base. This chamber has a quantity of oil in the bottom so 
that as the crank rotates, it dips in this oil throwing it against the 
sides of the chamber. Grooves cut in the frame lead the oil to the 
ain bearings and the gear shaft. In this way the main bearings, 
crank and the gear shaft are oiled automatically so that the only 
part requiring separate oiling is the cylinder. An oil cup placed 
on the side of the cylinder oils this, and all surplus oil supplied 
o the cylinder falls to the reservoir below. 
The inlet or mixing valve is an ordinary check valve, automat- 
ic in its action. The exhaust valve is constructed the same as the 
fixing valve and is operated by means of a cam and lever on the gear 
bnat t 
The sparker is of the make and break type, and operates from 
the gear shaft thus making and breaking the circuit every other rev- 
olution. The time of ignition can be adjusted by a screw and when 
properly adjusted the screw may be secured by a lock nut. A set of 
six Gladstone cells with a spark coil furnish the necessary current. 
A centrifugal governor on the gear shaft operates the valve 
supplying air to the mixing chamber. An increase of speed causes 
the governor to partly close the valve reducing the air supplied, 
thus increasing the richness of the mixture. The increased rich- 
ness of the mixture decreases the power of the explosion, thus re- 
ducing the speed. There very constant speed is required this type 
of governor has an advantage over the hit or miss governor, for if 
an explosion were missed the speed would drop below normal and would 
rise above normal again before the governor would open the sparker 
circuit. 
The gasoline tank is placed below the level of the engine 
and a pump operated from the gear shaft keeps a supply of oil in the 
reservoir on the side of the cylinder. A stop cock in the supply 
pipe limits the amount of oil pumped. 
A pipe leading from the bottom of the reservoir to the oil 
tank carries the surplus oil back to the tank. This pipe extends 
upward inside the reservoir and holds the oil at the proper level. 
The throttle valve regulates the amount of gasoline supplied 
to the engine and shoald be set so as to give maximum speed when the 
engine is working. 
The speed of the engine may be changed by changing the tension 
springs on the governor or by changing the length of the rod 
extending from the governor to the air valve. For a large change of 
speed the length of the rod must be changed but for smaller changes 
the spring tension will be sufficient. The speed of the engine can- 
not be changed to any extent while the engine is running. 
A water tank connected to the water jacket of the cylinder 
keeps the temperature within working limits. 
To start the engine disconnect oil pump from the gear shaft, 
pump until the reservoir is filled with oil, close battery switch, 
open throttle valve to (1), by means of starter crank, turn engine 
rapidly until the first explosion takes place, close throttle valve 
to the position in which it gives best results, and apply load. 
To stop the engine close the throttle valve and open battery 
switch. A very few turns of the crank were sufficient to start the 
engine, three revolutions being sufficient in some cases. If the oil 
reservoir is full and the first revolution comes on the compression 
stroke, three quick turns will start the engine. 
The engine has fly wheels twenty eight inches in diameter and 
the generator pulley is six inches in diameter. The governor on the 
engine was adjusted so as to give the engine a speed of 400 R: P.M. at 
tali load. When the engine runs at 400 R.P.M. the generator runs at 
rated speed (1850 R.P.M.). 
The speed at no load was 420 R.P.M. and gradually decreased 
as the load increased. After Pull load is reached the speed drops 
off 
rapidly as shown by the speed curve and continues to drop even 
With a decrease in load. 
The curve is plotted with R.P.M. as ordinates and load as 
abscissas. 
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The external characteristic curve of the generator, when run 
rith the engine shows how well the over 
-compounding of the generator 
compensates for the drop in speed of the engine. The curve is plot- 
-ed with volts as ordinates and amperes load as abscissas. Starting 
110 volts with no load the curve rises slowly to 112 volts at three 
01.1rtilS load, then falls to ill volts at full load, and drops quite 
apidly from this point as the load is increased. This shows a var- 
ation of fully two volts as the load varies from zero to full load 
ithout change of rheostat. 
As another test of the speed regulation, snap switches were 
)laced in the circuit so that any desired portion of the load could be 
nrwn on or off. One fourth, one half, three fourths and full load 
/ere thrown on by closing the switch with no noticeable jar or fluct- 
ation in voltage. The speed changed in a very few seconds on the 
nrve corresponding to the load applied. 
There was a variation of voltage with each explosion but it 
ms so small that it was hard to detect by looking at the lamps. A 
eston D.C. voltmeter shows a fluctuation of one volt with each ex - 
When running with constant load the generating unit would run 
or ten hours without a variation of over three volts from normal. 
his shows a regulation of less than three percent. 
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Runs varying in length from five to ten hours were made at 
different loads and the gasoline consumed per horse 
-power hour de- 
termined for each load. A glass gage placed on the gasoline tank 
and graduated to read in quarts gave an accurate method of measuring 
the oil consumed. The reading of the tank were taken after the en- 
gine was started and before it was stopped. 
Assuming that the quantity of oil in the engine reservoir and 
pipes was constant while the engine was running, this gave an ac- 
curate measurement of the oil consumed. A curve plotted with quarts 
per hour of gasoline consumed as ordinates and horse 
-power output as 
abscissas, shows the results of the tests. The curve also shows the 
efficiency of this type of governor; that is, low efficiency at small 
loads. 
In obtaining the data for t±Lis curve Standard Oil Company' 
Crown gasoline was used. The engine consumed .85 quarts per hour 
when running without load, and only 1.3 quarts per hour when giving 
an output of two horse power. The cost per horse 
-power hour is 
nearly constant for load varying from one and one third horse 
-power 
to maximum load 2.14 horse power. 
"pith loads smaller than one and one third HP the engine is 
not working at its best efficiency. 
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The generator efficiency rises rapidly with load and does not 
reach full efficiency until nearly full loud is reached. Sixteen 
lamps taking 8.5 amperes is the smallest load at which the unit will 
work at its best efficiency. For smaller loads the cost per K.W. 
hour increases rapidly and above this point the cost is about con- 
stant. 7ith a load of four lamps (16 c.p.) the cost per K.T. hour 
is $0.1635 or the cost of running four lamps for one hour would be 
N.0356. 77ith a load of 16 lamps the cost per K.J. hour is 
.048 
or the cost of running sixteen lams for one hour is g0.045. This 
shows the advantage of working full load, an additional twelve lamps 
being run for one hour by increasing the cost 0.01 per hour. An 
increase in the output of 300% only increases the cost 30%. 
Then working at full load the cost per horse power hour output 
of the engine is ?)0.0244 and the cost per K. T. hour output of the 
generator is 00.0477 using Crown gasoline at 15 cents per 
Several runs were made with 87° gasoline so that a 
could be made of the two grades. Taking the cost of 87° 
at 20 cents per gallon and Crown gasoline at 15 cents per 
Crown proved to bo the cheaper for a given power output. 
runs of equal output one using 87° gasoline and the other 
gallon. 
comparison 
gasoline 
gallon, the 
For two 
Crown gas- 
oline, the costs per horse 
-power hour were N.0286 for 87° gasoline 
and W.0244 for Crown gasoline. 
The regulation when using 87° gasoline was better than when 
using Crown gasoline but not enough to warrant its use. 
A test was also made on the engine when current for the sparker 
Was taken from the generator. Two lamps in parallel were connected 
in series with the spark coil on the generator circuit and the termi- 
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nals connected through a double pole double throw switch to the spark 
plug. 
The other terminals of the switch were connected to the batte- 
Throwing the gwitah to the side connected to the battery the engine 
could be brought up to speed and the generator to voltage then throw- 
ing the switch to the opposite position, the sparker operated on the 
generator circuit. Placing the sparker on the generator circuit did 
not affect the voltage regulation. Using this method of sparking 
would prolong the life of the batteries as they would only be used a 
few minutes on starting, and the amount of energy taken from the 
generator was very small. 
The water in the cooling tank reached a temperature of about 
85°C after a few hours run and remained at that temperature during 
the remainder of the run. During a ten hour run at full load the 
amount of water evaporated was about twelve gallons. 
The lubricating oil should be supplied to the cylinder faster 
than needed at the cylinder so that the surplus will keep the oil in 
the base of the engine at a constant level. 
Very little care is required in the operation. After the 
engine is started and the voltage adjusted no further care is re- 
Taired other than supplying oil and water. 
Tor gaskets on the cylinder asbestos one sixteenth of an inch 
thick gave the best results. paper or rubber gaskets would stand 
but a few hours. 
a whole the tests were very satisfactory. The voltage 
regulation was good, the amount of care required was very small and 
no bearings 
showed any tendency to heat. The efficiency and cost 
test were all that could be expected from so small a unit, Q0.048 
per K.W. hour being a low cost for electrical power. 
